ABSTRACT. Evergreen trees in the tropical rain forest of the Amazonas Basin can produce growth rings which are not necessarily related to annual events. Therefore, estimation of growth rate cannot be done by dendrochronology. This report presents a technique for determining the growth rate of these trees based on radiocarbon measurements of two segments of equal radial distance from the outer part of the tree trunk. The measured 14C activity is compared to local 14C fallout and growth rates are derived from models taking into account bomb 14C effects. Eleven trees from various parts of the Amazon Basin were analyzed. The average growth rates range from ca 5 to > 40 yr per centimeter corresponding to extrapolated ages from ca 60 to > 400 yr.
INTRODUCTION
Rings of trees growing in temperate climate permit accurate dating of forest stands and determination of growth rates. Such information cannot be obtained on evergreen trees from tropical rain forests. In the Amazonas region annual flooding does, however, cause some cyclicity in tree growth so that trees which defoliate during submersion show annual rings reflecting the cambial dormancy induced by lack of oxygen in the root zone. Growth rings of such trees are "often undefined and boundaries frequently run irregularly over the cross section" (Worbes, 1985) .
In 1980 an international workshop was held to discuss "age and growth rate of tropical trees: new directions for research" (Borman & Berlyn, 1980) . It concluded that very few data exist but identified some promising avenues. Among others, Stuiver et al (1980) proposed to use radiocarbon to establish growth rates. The technique would take advantage of the anthropogenic input to the atmospheric radiocarbon reservoir and especially the maximum fallout in the Northern and Southern Hemisphere which followed nuclear testing in 1963/64. This suggestion was applied in modified form in this study.
The tree species reported in this study were selected based on the wood specific weight (ratio of dry weight/water saturated weight of the heartwood) and the diameter of tree trunk so as to select both old and young trees. The location and the time of cutting is known and species were Assuming that growth rates are constant, two segments of equal radial distance from the outer part of the tree trunk were collected for 14C analyses (integrated samples) and named 0-X and X-2X. For constant growth rates they represent equal growth periods. The yearly growth rate can be derived from this once the growth period (years/X) has been determined. This is accomplished by snatching the radiocarbon activities of the two equal segments with average values of 14C fallout for consecutive equal lengths of time (see below).
The technique assumes that the fallout pattern for radiocarbon is known. Unfortunately, the data base for the Amazonas region is very limited and cannot be readily deduced from Northern or Southern Hemisphere data because their respective influence in this equatorial region is not well documented. However, based on a single data point, obtained by Polach and Singh (1980) as well as a few isolated measurements by us, an approximate fallout curve was constructed for the Amazon basin using as reference the Northern Hemisphere fallout curve presented by Levin et al (1985) . Attempts are in progress to obtain samples of known ages so that an Amazonian fallout curve can be constructed.
The average annual fallout values used in this study are shown in Table  2 , converted into plant activities considering that carbon fixation during photosynthesis is accompanied by an isotopic fractionation. A value of 2.0 was used for the ratio F14C/E'3C (where E is the isotopic enrichment factor between CO2 and plant matter) in order to maintain agreement with other publications. It trust be noted, however, that Saliege and Fontes (1984) experimentally determined a value of 2.3 for that ratio. The data for plant 5140 in Table 2 are also normalized to a '3C = --2S i6o using a value of -8.5%o for the atmospheric CO2 (Levin et al, 1985) .
Growth periods (years/X) and growth rates (mm/year) were deter- Growth periods (yr/X) vs the averaged 14C activities over specific periods are shown for trees cut in 1983. Two examples are shown: the short growth period refers to tree 1-7, the long one to tree 2-1 (see Table 1 ). mined in the following manner: if we assume a 10-year growth for the two segments, the measured 14C activities have to be matched to a 10-year average of sequential fallout activities (Table 2) . For example, if a tree had its last growth year in 1983, the first period (0-X) will cover the years 1974 to 1983, and the preceding one (X-2X), the years 1964 to 1973. The tree segment (0-X) will Levin et al (1985) . For the years 1963-65 (maximum bomb fallout) this error could be larger as the input was much more variable than during the pre-and post-bomb periods. Growth periods can be read from Figure 1 which displays two exam- Table 2 See text for definition.
** Matched on data in Table 2 rather than the curves of Figure 1 . See text for discussion.
ples. Note, that for growth periods of < 10 yr/X, the X-2X curve shows very steep changes with time. Consequently, the error on the extrapolated growth period is < ± 2 yr, despite the 500/oo error. On the other hand, for growth periods >20 yr/X, both curves become rather flat and, as a result, the error increases to > ± 5 yr.
The measured values are reported in Figure 1 as horizontal bars with limits given by the error on the fallout curve. Ideally for either curve, we would have a match line ("M" in Fig 1) within the error limit ("L" in Fig 1) . Such is the case for a tree with a large growth period (slow growing). The second example, a tree with small growth periods (fast growing) shows only one match line which satisfies the errors of both curves.
Estimated growth rates for the Amazonian trees and extrapolated minimum 14C ages are summarized in Table 3 . A minimum age can be determined if the width of the tree rings decreases towards the center of the tree (Worbes, 1985) . This appears to be most common but where a systematic increase in growth rate (mm/yr) occurs, maximum ages would be quoted.
It is interesting to note that tree numbers 2-4 and 2-6 (see Tables 1 and  3) have 0-X and X-2X 14C activities that do not match with the curves presented in Figure 1 . Their growth periods were determined through matching against data in Table 2 and were found to be <10 yr/3cm and 9 yr/ 4cm, respectively. These results could indicate that these two trees did not have significant wood growth since 1976 and 1979, respectively, (Freyer,1979) 
